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Abstract 
 
Rain fed farming in semi arid regions is often affected by water shortage caused by mid season dry spells 
rather than low annual rainfall total. Analyzing the water shortage experienced during a growing season helps 
in the design of appropriate interventions for mitigating against the negative impacts of the dry spells. A study 
of water availability deficit for rain fed farming in Zhulube catchment in the Limpopo River Basin is carried out 
to provide a basis for research in interventions such as rainwater harvesting. The results will show the extent 
of the potential to adopt rainwater harvesting for improved crop production. 
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Media grab 
 
Crop water availability deficit that is key to risk mitigation during dry spells, can be estimated using a simple 
spreadsheet based model.  
 
Introduction 
 
Most smallholder farmers in semi-arid regions of developing countries rely on rainfed farming for crop 
production. However the crops are negatively affected by the temporal rainfall variability that is characterized 
by mid season dry spells leading to food insecurity (Rockstroom, 2000). A dry spell is defined as a continuous 
period of no rainfall during a rainfall season lasting for 10 days or more (Stewart, 1988; Sivakumar, M.V.K., 
Maidoukia, A. & Stern, R.D., 1993; Rockström, J., Barron, J., and Fox, P. 2003). During such period crops 
suffer water stress that result in yield reduction. Occurrence of dry spells varies from year to year in terms of 
both the length of the dry spell period as well as the number of dry spells within a rainfall season (Chibulu, 
2007). Severe dry spells lasting more than 4 weeks result in crops reaching permanent wilting point and 
eventually total crop failure. Mitigation against the negative effects of dry spells is possible where the severity 
is limited. Rainwater harvesting is one way of mitigation. In order to select and design the most appropriate 
mitigation technique it is important to know how much water is required or should be made available by the 
technique. Therefore the water deficit during dry spells should be analyzed.  
 
Studies on soil moisture deficit are reported by Shaw (1990) for various types of crops on a monthly basis to 
help irrigation engineers plan for irrigation schemes rather than to help water managers planning for rainwater 
harvesting systems. In rainwater harvesting systems the water to reduce the water availability deficit has to 
come from rainfall events prior to a dry spell. Therefore the deficit for shorter durations than one month 
becomes critical. Rainwater harvesting is increasingly being considered as a viable strategy for improving food 
production in rain fed agriculture for semi arid areas of developing countries. The southern African region is 
largely made up of semi arid regions with the Limpopo River Basin resembling a typical one. Rainfall is low and 
highly variable particularly in the temporal scale. Frequent crop failure in smallholder farms occurs. Various 
studies have been carried out under the challenge program for water and food to try and improve food 
productivity in this basin. In some cases some non governmental organizations have introduced some water 
conservation technologies to improve water availability for crop growth. One such innovation is the 
introduction of a modified from of contour ridges referred to as dead level contours whose effectiveness has 
not been evaluated. As a way of evaluating rainwater harvesting technologies the improvement in water 
availability after their adoption should be carried out. Estimation of water availability deficit enables evaluation 
of mitigation measures against effects of dry spells. This study proposes a model for use in estimating water 
availability deficit in a semi arid region using Zhulube Catchment as a case study.  
 
Zhulube catchment is the catchment area of Zhulube Dam which is constructed in Tshazi River, a left bank 
tributary of Mzingwane River. Mzingwane River is a tributary of the Limpopo River (Figure 1). The dam supplies 
water to a 40 ha irrigation scheme. It is however under threat of sedimentation that is attributed to poor land 
use practices in its 21km2 catchment area (Dondofema, 2007). 
 
 
 
Figure 1: Map showing location of study area within Zimbabwe 
Source: Dondofema, 2007 
 
Methods 
 
The methods employed in this study involve development of a model for estimating water availability deficit. 
The model is then coded in a computer spreadsheet where input data is entered. Input data is obtained from 
various studies that have been carried out in Zhulube Catchment by various researchers as acknowledged. 
Theory and Modelling 
Water availability for crop growth under rain fed agriculture is considered as the soil moisture within the root 
zone of the crops. In order to assess the water deficit the water balance of the soil profile constituting the root 
zone should be considered (figure 2). The inflow into this profile is infiltration, lateral soil moisture flow and 
capillary rise. The outflow consists of lateral flow, percolation and evapotranspiration. The water balance 
equation can be represented by equation 1: 
 
dS/dt = F + Cap + Qin - Qout – Perc – ET ---------  Equation 1 
 
where 
dS/dt is change in storage (soil moisture) during the time  
F is infiltration, Cap is the capillary rise, Perc is the percolation to groundwater and ET is the evapotranspiration 
during the time 
Qin and Qout are the lateral flow into and out of the soil profile during the time respectively. 
 
The exchange of water between the root zone and the groundwater zone through percolation and capillary rise 
occurs when the moisture in the root zone exceeds field capacity or when the water table is close to the root 
zone. This is hardly the case in most semi arid conditions as that water stored in the root zone will hardly find 
its way beyond the root zone (Jewitt 2006). If the width of the soil profile considered is small enough the 
lateral flow into the soil profile and out can be considered to be the same. Therefore equation 1 can be reduced 
to equation 2. 
 
dS/dt = F – ET  ---------    Equation 2 
 
Water availability deficit occurs when available soil moisture (ASM) is less than field capacity (FC). Thus the 
water availability deficit (WAD) algorithm can then be represented in equation 3: 
 
WAD  = FC – ASM + F – ET; if ASM < FC   -------  Equation 3 
  = 0; if ASM > or = FC 
 
Where  
WAD is the water availability deficit during the time step t 
ASM is the available soil moisture during the time step t-1 
FC is field capacity.  
 
 
The parameters that need to be determined during a time step are therefore the infiltration and 
evapotranspiration. Infiltration can be estimated in terms of daily precipitation using the Horton infiltration 
equation provided the time of a rainfall storm is known. Storm duration can be related to the amount of rainfall 
received through an empirical equation as modified from the Department of Meteorological Services formulae 
for storm duration as shown below. In this study a constant daily evaporation figure has been assumed. 
 
T = [2050 log(P)]/dt 
Where 
T is storm duration  
P is daily precipitation and dt is time of day related to units of storm duration. 
 
The storm duration time can be taken as the infiltration time in the Horton’s equation. Thus potential 
cumulative infiltration is then given by  
 
F = fct + (fo-fc)/k (1- e
-kt) 
 
Where 
F is cumulative infiltration for the day 
fc is constant infiltration rate reached when steady state conditions are reached 
fo is initial infiltration rate 
k is recession constant 
t is the equivalent storm duration for the daily precipitation 
The water availability model then requires input consisting of time series data and soil characteristic data of 
infiltration capacity, recession constant and field capacity. The time series data consists of daily rainfall and 
open pan evaporation data. 
 
Results 
 
The results obtained are still preliminary. The empirical formulae for the estimation of storm duration and 
evapotranspiration still need refinement by using data from the study area. Figure 3 illustrate the results 
obtained by the model. 
 
Discussion 
 
It can be seen from the results that the model is able to predict periods when soil moisture deficit is expected 
to be high as well as when it is expected to be low. However it could not be established whether the model 
accurately predicts the soil moisture deficit as data on soil moisture is not available. The study is on going and 
the model will be calibrated when necessary data becomes available. The area below the water availability 
deficit gives the amount of water that a rainwater harvesting technology should provide. Different amounts are 
required to mitigate against different dry spells that occur also after different rainfall amounts. 
 
Qout
 
Qin 
Perc
 
Cap
 
F 
ET
 
Figure 2: Water movement in the root zone soil profile 
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Figure 3: Variation of water availability within Zhulube Catchment, Zimbabwe. 
Source of Data: Ngwenya, 2006 and Chibulu, 2007 
 
Conclusions and recommendations 
 
A model for estimating water availability deficit can be developed. The model for Zhulube Catchment still 
requires refinement through the use of appropriate data as well as verification when soil moisture data is 
obtained. 
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